It is known that bovine muscles stored before the rigor mortis in low temperature cause the cold shortening. This study was carried out in order to clarify the relation of weakening of myofibrillar structure during storage on meat tenderization of cold shortened bovine semimembranous muscle. The muscle was excised immediately after slaughter from the dressed carcass and divided into muscle blocks, These results suggest that the weakening of the Z-disks and the degradation of connectin filaments were related to the tenderization of uncooked cold shortened bovine muscle during postmortem storage.
Tenderness is the predominant factor affecting bovine meat quality, so numerous studies have been made on the structural changes of myofibrils, which were closely related to the tenderization of bovine muscles during postmortem ageing. A relationship between sarcomere length and bovine meat tenderness has been observed4, 6). Moller et al. 13 ) have shown a high correlation (0.78) between the fragmentation of myofibrils and the sensory tenderness of cooked bovine muscles, and Olson et al.14) have demonstrated the relationship between myofibrillar fragmentation and shear force value in three bovine muscles. Moreover, Takahashi and Saito18) have shown that the decrease in connectin contents agreed well with the decrease in elasticity of muscles. And it has been shown that titin (connectin) of bovine muscle was degraded with postmortem time during ageing1, 10). These changes in myofibrillar structures of bovine muscles have been well known as the weakening of myofibrils closely related to meat tenderization during postmortem ageing.
When bovine muscles were excised from the dressed This study showed the change in the stiffness of bovine semimembranous muscle that was excised immediately after slaughter from the dressed carcass and myofibrils of the muscle to meat tenderization during storage was examined. The relationship between the reduction of the stiffness and the weakening of myofibrils of the uncooked cold shortened muscle during postmortem storage was described.
Materials and Methods

Chemicals
Adenosine 5'-triphosphate disodium salt (ATP) was obtained from Oriental Yeast Co. LTD. (Tokyo, Japan).
Ethylene glycol bis (2-aminoethyl ether) tetraacetic acid (EGTA) was purchased from Dojindo Laboratories (Kumamoto, Japan). Other chemicals of analytical reagent grade were obtained from Wako Pure Chemical Industries (Osaka, Japan).
Muscle Sample Japanese Black cattle were slaughtered according to normal procedures at a local slaughter house. Semimembranous muscle was excised approximately four hours post-slaughter and divided into muscle blocks (weighing about 200g). These pre-rigor muscle blocks were treated antiseptically with 1mM
NaN3 and wrapped individually with polyethylene excised on day 3 postmortem and similarly treated. Tenderness measurement
At a specified postmortem time, muscle pieces 1.3-1.5cm thick parallel to the fiber axis were cut out, and breaking strength and elasticity were measured by a creep meter (RE-3305, Yamaden Co. LTD., Tokyo, Japan) using an 8kg load cell with a No. 5 plunger (5 mm in diameter).
A muscle piece was placed on the stage of the creep meter and compression rupture test was done at 1mm/s compression rate. When the plunger penetrated into the muscle piece, the force needed for first breaking point was taken as breaking strength, and Young's modulus was taken as a measure of elasticity from the recorded stress-strain curve. Preparation of myofibrils Myofibrils were prepared from the remaining portion of the muscle block used in the tenderness measurement by the method of Etlinger et al. 2) , except that the final washings with Triton X-100 and with deoxycholate were omitted.
Measurement of the weakening of the Z-disks Degree of the weakening of the Z-disks was deter- 
Determination of protein concentration
Protein concentration was determined by the biuret method3) and BCA protein assay16) using bovine serum albumin as a standard.
Results and Discussion
The results of tenderness measurement of bovine semimembranous muscles excised immediately after (described as excised muscle) and the changes in the muscles restrained on the carcass for 2 days (described as restrained muscle) are shown as breaking strength and elasticity in Figs. 1 and 2 , respectively. The breaking strength of the excised muscle was ca. 160g at 0 day postmortem and increased to some extent four days after the death, but not significantly (Fig. 1) . The value of 160g in breaking strength (0.82kg/cm2, calculated from the diameter of the plunger) was the same order as that in yield point (099kg/cm2) measured by Locker and Wild9), when the strips of cold shortened sternomandibularis muscle was extended on day 2 postmortem. Thereafter, the breaking strength decreased gradually with postmortem time and reached almost a constant level at 13 days postmortem. While the breaking strength of the restrained muscle was ca. 145g at 3 days postmortem. The value was lower than that of the excised muscle, although there was no significance between both.
However, the breaking strength of the restrained muscle rapidly decreased to almost a constant value of ca. 54g at 9 days postmortem, and then gradually decreased at the value which was significantly lower than the breaking strength of the excised muscle .
The same tendency for elasticity in both the excised muscle and the restrained muscle to that of breaking strength (Fig. 2) was observed. Elasticity of the restrained muscle was significantly lower than that of the excised muscle during prolonged storage.
The breaking strength and elasticity showed that Changes in elasticity of both bovine semimembranous muscle excised immediately after slaughter and both the excised and the restrained muscles in uncooked state were tenderized with the progress of postmortem time, and that the extent of the tenderization in the excised muscle was less than that of the restrained one. In the restrained muscle, the weakening of the Z-disks expressed by myofibrillar fragmentation index (MFI), that was an index of the meat tenderization13, 14), progressed with time until 14 days postmortem (Fig. 3) . And the result of SDS-PAGE of myofibrils prepared from the muscle at 17 days postmortem showed no remarkable change during storage in myofibrillar proteins except for the appearance of 30,000-dalton band15) (data not shown), suggesting that the restrained muscle was obviously tenderized during the storage. The tenderization in the excised muscle is in support of the work of Locker and Wild9) who have shown the decline in the yield point of the cold shortened muscle during storage. Moreover, when myofibrils prepared from the excised muscle were observed by a phase contrast microscope, the sarcomere had shortened excessively at early postmortem time and its length was not restored during prolonged storage (data not shown). This implies that the excised muscle with such shortened sarcomere could cause toughness on cooking4, 6), although the tenderness of the cooked muscle was not determined at present study. Thus, it is clear that cold shortening occurred in the muscles excised immediately after
It has been suggested that the yield point in extending the cold shortened muscle strips was the point of failure of the myofibrillar structure such as the Ifilaments anchorage in the Z-disks9). So, the weakening of myofibrils concerning the meat tenderization during postmortem storage of the excised and cold shortened bovine muscle was examined. Myofibrils were prepared from the remaining portion of the muscle block used in the tenderness measurement, and the weakening of the Z-disks expressed by MFI was measured (Fig. 3) . Myofibrillar fragmentation index 
